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I  IWTOODUCTIOH 

Th«  BAjor  afforti  during  th*  period  covered  by  this  report  Otoroh  15  to 

June  l5i  1957)  have  been -in  the  following  dlreetleiigi 

« 

A.  laprovlng  exleting  end  Investigating  new  aothode  of  fomlng  and 

t 

working  eonpoaltea  of  alumlnun  end  elunlnum.  eoeted  gleet  f Ihen* 

B.  Detemlnlng  e  oonplete  eet  of  phyelcel  date,  on  a  etandard  glaaa> 
relnforeed  aloninun  conpoalte  In  order  to  Indlo'at#  the  general 
eharaeterlatles  of  glaae-relnforeed  netale  at  a  olata  of  naterlaltt 

C.  Developing  a  nathod  of  forming  eonpoaltea  of  aluninun  and  bare  glean 
flbera  and  evaluating  the  phyaloal  propertiea  of  thpae  oonpcalteai 

D.  Production  and  teatlng  of  glaaa>relnforoad  aluninun  tubular  ihapaa* 

B.  Developing  a  theory  on  the  Interaction  of  netale  and  glaaa  flbaroi 

F.  Developing  a  glaaa-relnforced  metal  having  utility  at  teaiparaturaa 
about  lOOO’F. 

The  work  reported  repreaenta  the  combined  offOrta  of  Meaara>  J.  !•  Abor* 

R.  I.  Evana,  B.  B.  Oarlck,  P.  A.  Lockwood,  H.  B.  Mathewa,  B.  B>  Mattam, 

C.  A.  Rleabeckf  B.  W.  Snart,  R.  S.  Swain,  0.  B.  Wince,  and  the  author,  of  the 
Qlua>Metala  Raaearoh  Laboratory,  and  Dr.  H.  B.  Whitfhurat,,  DepartaMuit  Head. 

I 

Aoknowledganent  la  alao  nade  of  the  valuable  aaalatanoa  given  bgf  many  other 
nenbera  of  the  Baalo  and  implied  Raaearoh  Canter* 

Phyaloal  property  naaauranenta  of  the  glaaa-netal  teat  bam  naie  parfCrnad  ^ 
the  Olin^tathiaaon  Qianloal  Corporation  in  Raw  Raven,  Oonnoetlont,  and  l|r  the 
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Ohio  8t«to  BngiMorliig  IxporiMnt  Station  of  tho  Ohio  Stato  OniToraltf  io 
Colnnbaa,  Ohio. 

I 

Work  on  fabrication  of  liurgo  ahapoa,  in  partieular  tubing^  of  ^aa^roinfiorioi 
notala  haa  boon  auboontroetod  to  tho  Olin-Nathioaon  Chonioal  Oerpor*tion  la 
low  HaTon«  Connootiout. 


II  8UMMARI 


in  •TAluation  haa  baan  Mda  of  aavaral  of  tha  aajor  varlablaa  in  tha  raouiaa 
iMjaetlon  taehniqua  of  ooapoaltlng  alumlnun  and  alualnun  eoatad  (laaa  fibartt 
Thla  araloation  «aa  nada  with  tha  Intention  of  producing  battar  ooaposlta 
■atarlala  and  siaplif/lng  tha  processes  used  to  Bake  those  natarialst  lha 
standard  technlquo  uses  a  racauB  of  about  0.1  m  Hg  absolute  pressure  to  pull 
■olten  IJ4S  aluainua  up  around  about  50  graas  of  aluainua  eoatad  glass  fibers 
longltudinalljr  oriented  in  a  pyrax  tuba.  The  use  of  various  dsgraao  of  vacuus 
up  to  303  an  Hg  absolute  pressure  does  not  decrease  tha  resultant  ooaposita 
strength,  but  the  use  of  a  vaeuua  of  550  ■»  Hg  absolute  pressure  causes  a 
significant  decrease  in  eoaposite  strength.  The  use  of  over  60  grass  of  slusinuu 
coat^  glass  fibers  in  place  of  the  standard  50  graas  results  in  ooapoeitee  having 
lower  tensile  strengths.  In  both  cases  the  cause  of  the  reduction  in  oosqposito 
tensile  strength  was  probably  due  ^  inoonplete  penetration  of  the  aelton  alnainuu 
into  the  fiber  bundle.  A  strong,  fluid  casting  alloy,  122L  aluslnus,  has  been 
reinforced  with  glasi  fibers  to  give  a  eoaposite  soae  10i(  strongjsr  than  the 
standard  glass-reinforced  II4S  slualnum  alloy*  The  use  of  a  V^rcor  Bold  in  plaoo 
of  the  standard  ^rex  aold  also  InerOases  the  eoaposite  tensile  jtrongth  about  1QI^• 

Saaples  of  glass-reinforced  aluainua  were  successfully  hot  forg^  at  teaperaturee 
of  1100*F  to  1300*F.  Indications  are  that  hot  forging  will  be  g.sntisfaetei7 
aethod  of  providing  soae  end-use  shapes  froa  glasis-reinforoed  ,a]|iasimai  ingeta* 

Additional  creep  data  reinforces  the  earlier  acoelusions  that  the  eraep  rate  of 
glass-ralnf creed  aluainua  is  less  than  lj^  of  the  creep  rate ‘of  uwipiaferuud 
aluainuB.  The  wear  resistance  of  glass-reinforced  aluainua  is  Issf  thsn  that  of 


unrainforotd  •lualnua.  A  ooapoait*  mad*  hgr  hot  prtsoing  •Ivnlmn  eoBtod 
glMS  flbtro  had  a  rooa  taaparatura  tenalla  atrangth  of  1(0(000  pal  aa  eo^parad 
to  a  rooM  taaparatura  tariaila  atrangth  of  laaa  than  30(000  pal  llor  tha| 

I  I 

unrainforoad  aluainuo  allop. 

A  atodjr  of  tha  watting  of  savaral  aluninua  allopa  on  fibara  of  flftp  d|.ffaraB* 
glaaaaa  haa  ahown  no  glaaa  to  ba  appraolablp  battar  than  I  glgaa  In  Ita  hbllltf 
to  ba  eoatad  bp  aluainua.  Zn  ganaral(  tha  aatal  eoapoal^on  la  .aora  iaportapt 
than  tha  glaaa  ooapoaltlon  with  raapaet  to  Indioatlng  tha  axtant.  of  tha  glaaa- 
aatal  Intaraetion  and  tha  abllitp  of  tha  glaaa  to  ba  aatal  eogtad. 

Modlfloatlona  to  tha  Olln-Mathlaaon  eantrlfugal  oaatlng  unit  hawa  raaiiltad  la 
laproTad  oparatlon.  Sararal  larga  tubular  ahapaa  of  glaaa-ralaforaad  alaaiaBa 
hawa  baan  oaat(  but  no  taat  raaulta  ara  arallabla  aa  pat.  A  aaall  glaaa* 
ralnforoad  alualnua  tuba  taatad  in  intamal  burating  dldjnet  fail  at  30»QOO  pal 
rla  atraaa  at  rooa  taaparatura. 

Initial  work  haa  bagun  on  a  atulp  of  tha  Intaraotioa  of  aatala  aN|  glaaa  flhova 
and  on  a  prograa  to  daralop  a  glaaa>rainforoad  aatal  that  aap  ba  aaad  at 
taaparaturaa  abora  1000*F. 


Ill  DISCUSSION 


At  Iroroylng  ■xiatlng  <nd  Invstlgatlng  new  aethoda  of  foml^  fnd  workini 
eoapoaltes  of  «lumlnum  and  alunlnum  eoattd  glais  f  tbrs.  . 

1.  Compoattea  made  using  varying  amounta  of  lailnuw  coatad  ^laa  flbra. 
Uaing  the  atandard  vacuum  injection  teehniqtte«^^)  gleaa-pelnf creed 
aluminum  compoaitea  were  made  containing  varioua  amounta  of  almiaum 
coated  glaaa  fibera.  The  aluminum  coated  glaaa  flbera  are  pulled  inte 
a  graphite  tube  mold  ao  that  all  the  fibera  are  longitudinal!/  oriented* 
Then  molten  aluminum  ia  pulled  up  around  theae  fibera  b/  applieatiea 
of  vacuum  to  the  mold.  The  glaaa  concentrationa  have  not  bean 
determined  preciael/*  but  fall  in  the  range  of  20  to  3$  volume  percent. 
Compoaitea  containing  60,  70,  75*  80,  and  65  grama  of  aljaiinan  coated 
glaaa  fibera  were  made  and  teated.  The  compoaitea  Mre  tMOt  treated 
at  9i40*F  for  3  1/2  houra,  quenched  in  water,  and  aged  a^  3U0*F  ftr 
17  houra.  Table  I  givea  the  reaulta  of  thia  atud/* 


TABLE  I 

OOHPARISOH  CF  VAMOPS  GLASS  FIBER  COWCHtTRATTCW 


Sample 

Qrame  of  Aluminum 

Tenaile  Strength  at 

Average  Tenaila 

Humber 

Coated  Qlaaa  Fibera 

Room  Taaperatare.  aa^ 

.  Btrencth.  nai 

B1*ZXII-166A 

60 

31,600 

166B 

60 

2it,050 

166C 

60 

19,it00 

26,000 

166D 

60 

26,800 

175A 

70 

20,800 

175B 

70 

19,600 

21,100 

175C 

70  . 

22,800 

— 

■  (1)  H.B.  Vbitehurat  -  Firet  Aanual  Progreaa  Bapert,  Contract  |RM  l$76li 
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TABIZ  I  (ContliUMd) 


Sanple 

J^l^er 

Orans  of  Aluninun 
Cciated  (Hass  Yibers 

Tensile  Strength  at  Average  Tonsils 

Boon  Tew>eratnrei  Jgj  Itrencth.  nsl 

n-mx-i76A 

75 

t 

22,800 

176b 

75 

31,050  ! 

26,600 

1760 

75 

30,100  ‘ 

1760 

75  . 

22,500 

. . 

177A 

80 

22,700 

1770 

80 

17,350 

1770 

80 

32,9X 

2b, 100 

177B 

80 

23,500 

177F 

80 

2ii,100  . 

1- 

165A 

85 

18,300 

185B 

85 

22,000 

1850 

85 

ll,ll50 

15,600 

1850 

85 

15,250 

I85r 

85 

11,750 

It  would  appoar  that  the  use  of  over  80  graaa  of  alaaimn  coated  flass  fibers 
rteolted  In  a  decrease  in  eoaposite  strength  due  to  Inoonplete  penetration  of 
the  aolten  aluninun  around  the  fibers. 

2,  Cowposltes  made  by  the  vacuum  injection  technique  using  vsrying 
decrees  of  vacuun. 

In  the  standard  vacuun  Injection  teehnique  nelten  aluaiiiun  is  pulled 
up  around  longitudinalljr  oriented  fibers  tgr  tho  application  of  vson« 
to  the  nold  ocmtaining  the  fibers.  Conposites  have  been  nods  usiag 
various  degrees  of  vacuun  to  detemine  the  effect  this  variable  en 
ooivoslte  tensile  strength.  The  sauries  are  node  bgr  pnlling  Uil 
aluninun  around  aluninun  coated  glass  fibers.  eenpositeo  vers  not 


heat  traatad*  T^la  IZ  glvaa  a  mmmrjr  of  tlia  data  takaa  la  thla 
atadjr. 


TABLE  II 

OOMPAHiaai  cr  DIFFERIMT  P«n»>»aa  e»  gimm^ 


Abaoluta  Praaaura 

In  Mold,  aa  Hg._ . 

Nunbar  of 

Snaplaa  Taatad 

Araraga  Tanaila  Strang th 
at  Woem  Tnanaratura.  sal 

0.1 

2 

19,700 

13 

h 

19,600 

27 

1 

7,700 

56 

1 

2li,6e0 

87 

1 

20,300 

303 

5 

19,000 

550 

6 

10,700 

Apparantl/i  an  abaoluta  prasaura  of  3C3  an  Hg,  i.a*  a  vaeuua  of  l$7  m  Hg« 
la  aa  aatiafaotorjr  aa  a  full  vaeuun  of  0.1  an  Hg  abaoluta  praaanra.  HoaaTar, 
at  S$0  an  Hg  abaoluta  praaaura  a  daflnita  daeraaaa  in  oonpoalta  atrangtb  la 
aridant.  Thla  daeraaaa  In  conpoaita  atrangth  nagr  ba  dua  to  inoonplata  panatratiiii 
of  tha  noltan  aluninun  around  tha  fibera  tbua  forming  a  ooiipealto  containing, 
eonaldarabla  rolda. 

3«  Forging  of  alaaa-ralnforcad  aluninun 

Prallnlnarjr  axparlnanta  hava  baan  oonduotad  into  fomlng"  and«uaa  ahapaa 
bF  bot  forging  glaaa>rainforead  aluninun.  A  forging  dia  waa  oonatruatad 
to  fit  a  praaa  In  tha  011n4fatblaaon  forga  ahopa  la  Maw'  Uwm,  CoanaatiMt* 
Tha  hot  forging  axparlnanta  wara  than  oonduotad  at  Haw  Hatan.  Manplaa 

of  glaaa-ralnforcad  aluninun  nada  bgr  tha  aueoun  iojoatlon  taohalqaa  ant 

*  • 

tha  hot  praaalng  of  aluninun  ooatad  glaaa  flbara  taohnlqaa  wara 
aueoaaafttll/  hot  forgad  at  tanparaturaa  of  UOO^F  ta  I3Q)*F.  Thaaa 


■■■plaa  rangad  approximataly  froa  20  to  50  voluaa  pareant  flats 
flbara. 

It  would  appear  that  a  narrow  teaparatura  range  la  daalrabla  for  the  iMt 
forging  of  glaaa-rainforeed  aluminum.  Any  tamparatura  muoh  abara  the 
optimum  reaulta  in  metal  being  e]q>raaaad  from  the  oompoalta  dot  to 
the  high  metal  plasticity.  Any  temperature  much  below  the  optimna 
results  in  cracking  of  the  composite  due  to  the  large  local  forces  tat 
up  in  the  material.  The  optimum  tamparatura  for  hot  forging  flats* 
reinforced  aluminum  samples  containing  20-30  toIism  percent  longitadiBalXy 
oriented  glass  fibers  is  in  the  range  of  1100>1200*F.  It  appears  that 
eomposites  containing  increased  amounts  of  glass  fibers  will  raqaira  a 
slightly  higher  forging  temperature.  It  is  to  be  e^>eeted  that  fiber 
orientation  will  also  have  some  effect  on  the  raquiirad  M  Ibrgiii 
oonditions* 

It.  Improved  fiber  predrying  techniques. 

A  previous  report  has  shown  that  predrying  aluminsm  boated  glass 
fibers  at  600*F  for  2U  hours  before  combining  thorn  with  molten  aluminsm 
by  tho  vacuum  injeotion  process  results  in  ii^roTed  oenposits  tanslls 
strengths.  Reoent  experiments  have  shown  that  predrying  aluminum  oeatei 
fibers  for  several  hours  at  300*F  followed  by  additiopal  drying  for  at 
least  20  minutes  at  600*F  results  in  oonpositss  having  tensile  strsagtiis 
equal  to  those  of  oonposites  made  from  fibers  dried  fsr^fb  hours  at 
600*F.  Neither  predrying  fibers  for  one  week  at  2IO*f  nor  for  1$  ninstos 
at  1200*F  resulted  in  satisfaotory  oon^its  tonsilh  St^gths. 


(1)  H*  B.  Alios  -  Boooad  Annual  Progress  Report;  Oontrsot  NOfd  l57db« 

* 
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ConpositM  Md«  hy  the  itandard  raouia  injaetion  taohnlqiM  wiaf  a 

.  j  . 

Vyeor  (961  fuaad  'sillea)  mold  havt  room  tamparatura  tanal^  airangtlM 

'  I 

hlghar  than  similar  composites  made  using  a  F/rax  mold,  fabls  ZZZ  riMva 
the  tansila  strengths  of  composites  made  using'  a  V/eor  aeli.  Similar  . 
cosvosltas  made  with  a  Pyrex  mold  have  an  average  room  taapsratere 
tensile  strength  of  26,130  psl. 


TABIE  III 

■RgmpOBCED  ALUMINIIM  MADS  IH  WCOS  M0I3) 

Tensile  Strength  at  Amerags  Tansils 


Samnle  Number 

Room  Temperature,  osi 

BI-mi-172I 

35,700 

619*5U 

27,100 

619-51B 

25,100 

30,620 

ei9>5ic 

21,100 

619-51D 

10,500 

6.  Bi-metallic  combinations. 

Unsuccessful  attempts  hare  been  made  to  reinforce  alnniniai  with  metal 
coated  glass  fibers  having  higher  tensile  strengths  than  aluMnum  eoateS 
glass  fibers.  Using  the  vacuum  injection  teehniqne  attampts  were  made  ta 
pull  molten  aluminum  around  glass  fibers  ooatad  with  lead,  eepper,  and 
silver.  In  all  cases  insufficient  penetratien  was  rsalised  to  make  a 
composite  suitable  for  testing. 

?•  1221  aluminum  alley. 

A  ralativeljr  stipng  alusinum  casting  alley,  1221,  has  beam  rsiafbraad  bgr 
aluminuB  coated  glass  fibers.  It  was  hoped  that  this  allegr,  havUg  seas- 
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what  batter  fluidltjrt  night  offer  an  ii^roveaient  ever  the  etealard 

lliS  alunlnuB  alloy  ae  a  matrix  for  glaae  fiberat  Table  IV  praaenta 

the  tenaile  atrengtha  of  eompoaitea  made  by  the  atand'ard  vaewai 

« 

Injeotioa  technique  ualng  122L  aluminum  alloy  ai  tha  matrix  alley.  The 
reajltant  oompoaitea  were  heat  treated  at  9U0*7  for  5  hourot  quaaehad 
in  water,  ani-  aged  at  3]iO*F  for  18  houra. 


TABLE  lY 

fflJgS-REmFCRCED  122L  AlflMIMllM  ALLOT 

Tenaile  Strength  at  Modulua  of 'Haatieity 

Sample  Humber  Room  Tmperature,  pei  at  Boom  Tamoerature.  pal 

819-15C  31,300  10.9  X  10* 

819-15D  33,300  10.8  x  10* 

8l9<l5r  29,700  10.2  X  10^ 

819-150  22,900  10.3  X  10* 

Theae  aanplea  are  about  10%  atronger  than  thoae  ualng  tha  liiS  alumiiinm 
matrix.  Thia  might  be  due  to  aounder  oeatinga  due  to  the  uoe  of  the 
more  fluid  122L  aluminum  alloy. 


B.  Determining  a  complete  aet  of  phyaical  data  on  a  ataodard  xlaaB-reinfereed 
aluminum  compoeite  in  order  to  indicate  the  general  oharacteriiitiea  of  alaaa- 
reinforced  metala  aa  a  claaa  of  materiala. 


1.  Oompoaitea  made  by  the  vacuum  injection  method. 

It  waa  deemed  adriaablo  to  get  a  relatively  complete  ovaluatiem  of  the 
phyaical  proportiea  of  a  material  which  ia  eaaeatially  Iti8-T6  alaadmam 
relnforoed  with  20-30  volume  percent  ecntlnuoua  longitmdiiMlly  oriemtoi 
glaaa  fibera.  Thia  material  ia  made  by  puUlBg,  under  vaaunm,  maltam 


Iii8  tlualnua  into  4  Mold  oontalnlng  aliainuM  eeotod  glasa  fibori.  Tkia 
BMtorial  «44  ohoB4n  4i  ttw  b«4t  4V4ll4bl4  0B4  jTotr  ago,  vten  tho 

•valuation  bagin*.  Howavar,  a  Inca  that  tina,  davalopaanta  hava  baaa  aads 

( 

which  affaet  tha  phjraical  propartiaa  of  glaaa-natal  aoMpoaitaa.  Zi  feaa 
baan  daeidad  to  eontinua  tha  avaluation  of  phjraieal  prepartLaa  baaod 
tha  original  eoMpoaita  typa  ao  that  a  ralatad  aat  of  phjraieal  prapartjr 
data  will  axiat.  Ihia  aat  of  data  oan  than  ba  uaad  to  ladiaata  tha 
propartiaa  of  natariala  which  inoorporata  aiqr  Ibtura  davalopaanta.  Tha 
infornation  eollactad  during  thia  reporting  pariod  foUowat 
a.  Craap  rata  and  atraaa  ruptura  ti»a. 

Data  on  tha  oraap  rata  and  atraaa  ruptura  ilaa  of  tha  atandard  glaoa* 
rainforead  aluninua  aamplaa  ia  ahown  in  Tabla  T  and  plottad  in 
Figura  I.  Tha  aanaitivit/  of  tha  apparatua  uaad  allowa  tha  Maaaaro* 
nant  of  .001  m  dafomation  over  a  3  Inch  gaga  length  or  .0013]^ 
daforMation. 


TABLE  V 

mro  Aim  STRESS  HUPTUBK 


Snepla  Nunbar  BH-mi<9ltF 

Tanaila  Straaa.  15.000  oai  •  500*F. 

Snepla  Munbar  n-ZXZZ-9ilZ 

Tanaila  Straaa.  13.500  aai  S  500*9. 

Tina, 

Total 

Tina, 

Total 

Tina, 

Total 

Houra 

Oaforaation.  S 

Houra 

Dafomation.  5 

Houra 

Da^Mnutiea.5 

0 

.2ik 

0 

.217 

78.5 

.250 

lU 

.262 

2 

.222 

79.5 

.252 

15 

.290 

2.5 

.231 

167 

.253 

16 

.290 

1».5 

.2U7 

167.5 

.255 

17 

.290 

5 

.2li2 

198.5 

1  .259 

a 

.305 

5.5 

.2U3 

215 

1  .260 

23 

.326 

6 

.2k2 

223 

.256 

(1)  laat  report  (H.  B.  Ailaa  •  Second  Annual  Prograaa  Baportf  CoQtraet  WM  ]574l») 
thia  data  waa  arronaoualjr  praaantad  aa  baing  taken  at  ••  atraoa  of  ISfSOO  pal* 

Aetuall/  tha  aaapla  waa  atroaaad  for  9  houra  at  12,500  pal  with  no  aloaiatian  and 
honea,  tha  atraaa  waa  raiaad  to  15,000  pal  at  which  tlna  tho  hbovo  data  vaa  inlUatod* 
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TABLE  V  (eontlntMd) 


8«ul«  Itaibtr  n-XXXI-TliF  SanpU  NuMb«r  n-XZn-fiiX 

Btetti.  IS.OOO  pal  •  S00*y»  _ Tenallt  Str-a.  13.»)0  p»l  •  SOO*!^ 


Tine, 

Houra 

Total 

Defomatlon.  t 

Tine, 

Houra 

Total 

•  DeforaatlOB.P 

Tine, 

gSXE 

Total 

Dpfemat|fff,| 

63 

.326 

6.5 

.227 

239 

.255 

B7 

.326 

7 

.23Ji 

263 

.261 

111 

.326 

7.5 

.236 

271 

.265 

135 

.326 

8 

.2lt8 

316 

.271 

159 

.326 

23 

.2li0 

383 

.257 

1B3 

.326 

23.5 

.2U( 

I1O7 

.257 

207 

.326 

h7 

.236 

431 

.263 

236 

rupture 

53 

.236 

455 

.244 

53.5 

.230 

551 

.237 

56 

.229 

575 

.270 

n 

.226 

599 

.243 

teat  dlacontlnued 

It  will  b«  noted  from  Table  V  and  figure  I  that  no  seoendarjr  creep 
wae  obaerred  at  atresaes  aa  high  aa  l$fOOO  pal  at  5Q0*F«  Seaw  creep 
data  on  unrelnforoed  IJ1S-T6  alualnua  Indlcatea  a  aeoondarp  creep  rate 
of  .00037$  percent  per  hour  at  9,000  pel  and  1{00*F  an#  *006000  pereaMt 
per  hour  at  U,000  pal  and  600*F.  At  the  Torf  Boat  the  aeoendarjr  creep 
rate  of  glaas^reinforcad  alualnua  would  be  .000008  pepeent  per  hour 
at  13,500  pel  and  500*F  and  .000006  percent  per  hour  at  15,000  pal  m4 
500*F.  It  la  alao  of  Intereat  to  note  that  a  etreea  rapture  peint 
was  obtained  for  aanpla  EH»ZZII-9liF  at  236  houra  mdap  etreea  of 
15,000  pel  at  500*F.  Although  thle  eaaple  wae  atveeaed  at  a  etreea 
large  enough  to  oauee  failure  In  236  houra,  no  aieeMery  ereep  vaa 
erldonoedt 
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b.  Wear  faistMic* 


HauurMwits  of  wear  reslstaneo  of  tho  Btandard  glUBoroinfere«d 
tluBlnuB  eoi^osltM  were  made  in  e  Felex  Veer  Teeter.  The  teet 
eaaplee  ere  two  notched  blbcke  and  e  dewel  ee  ahown  In  Figure  XI* 

The  dowel  ie  rotated  In  the  notch  aa  lead  ie  applied  to  the  bleeke. 

The  reaolta  of  theae  testa  are  ahown  in  Table  VI  (fiext  page). 

The  teat  eaaplee  of  glae a -reinforced  aluainuai  were  oonetructed  ae 
aa  to  have  the  glaaa  fibera  oriented  in  three  perpendicular  direetiene. 
The  flrat,  fourth,  aeventh,  and  eighth  (aa  itenieed  in  Table  VI) 
aamplea  had  the  fibera  coming  up  out  of  the  notch  in  the  blecka.  The 
aeeond  and  fifth  aamplea  had  the  fibera  oriented  perpendicular  to 
the  length  of  the  notch  and  the  third  nhd  eiJ^  eaaplee  had  the  fibera 
oriented  parallel  to  the  length  of  the  notch. 

It  ia  evident  that  theae  glaaa -re  inf  oread  aluninuai  apecinena  evideweed 
oonalderabljr  leae  wear  reaiatanee  than  either  the  unreinforeed 
aluainun  or  the  etandard  ateel  apeeineiui. 

0.  Water  abeorption 

A  atttdF  of  the  water  abeorbtion  of  the  etandard  flaea-reinforeed 
aluminum  compoaitea  hae  bean  initiated.  Samplea  containing  varieua 
amounta  of  glaaa  fibera  are  auhaerged  in  water  and  weighed  at  certain 
interrala.  The  areraga  of  tho  data  taken  indicate  a  eteadilF 
daereaaing  rate  of  weight  gain  reaehing  a  naiclnni  weight  gain  af 
.8  te  .3  weight  pereant  after  about  8  weeka  imnareien.  paneila  teata 
will  be  ecnduoted  on  theae  aamplea  after  iamaroien  for  W  manlha* 


•  Ik 


d*  8tr«iB-ttr4ln  curres. 


StrMB-Btraln  eurvM  takan  during  tana  11a  taatli^  of  tha  ataadard 
glaaa-ralnf oread  alumlnua  ooapoaltaa  bara  indioatad  a  ehaaga  la 
alopa,  l.a.  a  changa  in  nodulua  of  alaatieltjr>  da  an  onrall  avarifa 
It  night  ba  aald  that  tha  nodulua  la  about  16  x  10^  pal  up  to 
5|000  to  10*000  pal  tanalla  atraaa  andt than  daoraaaaa  to  }•$  x 
10^  pal.  A  eoaplata  tranalatlon  of  thla  infomatlon  haa  not  boon 
nada,  but  Indleatlona  ara  that  of  a  phaaa  fallnra  at  aoaa  atraaa 
eonaldarabljr  lowar  than  tha  ultiaata  tanalla  atraaa* 

Conpoaltaa  nada  by  hot  prasalng  nathed. 

Tanalla  taata  hava  baan  mada  on  oonpoaltaa  nada  bjr  hot  praaalng 
aluninun  eoatad  glaaa  flbara  In  tha  naw  hot  praaalng  dla.  Tha  naw  dla 
foma  a  eoapoaita  having  a  raetangular  ahapa.  Thla  dla  waa  oonatmatad 
to  raplaea  tha  old  dla  which  produead  a  eoapoaita  having  tha  ahapa  af 
a  tanalla  taat  apaelaan.  It  waa  thought  that  tha  olid  dla  prodaaad 

I 

oonpoaltaa  having  daeraaaad  tanalla  atrangtha  dua  tai  tha  ax^aaaiva 
atraaaaa  craatad  at  tha  nackad-dowh  aaotlon' of  tha  dla.  Tha  alunlnaa 
eoatad  ^aaa  flbara  wara  praaaad  at  600*r  and  3^  tana  par  aguara  mah 
praaaura.  Thaaa  apaoiaana  oonalat  of  S0-60f  glaaa  fibafa  in  a 
ralativaljr  waak  aluainun  aatrlx.  Tabla  VIZ  glvaa  a  aiaaaqr  of  tha 
tanalla  atrangth  data  takan  on  thaaa  aonpaaltaa* 


TABUt  ni 


Sanple 

Testing 

Tensile 

Muaber 

Tanoerature 
•  . 

Otrensth. 

101 

R.T. 

18,750 

102 

R.T. 

9,210* 

103 

R.T. 

23,li09 

105 

R.T. 

29,260 

1 

107 

R.T. 

U7,920 

109 

R.T. 

5,900f 

loll 

500*F 

17,260 

106 

500*P 

21,7llO 

106 

500*F 

Iil,81i0 

*  visual  sxsmlnstlon  of  thsss  broken  tensile  test  spseisens  showst  rslstlTsljr 
little  oonsolldstlon  of  the  slualnua  costed  fibers  st  tbs  point  of  fsllsre 
Indicating  that  Insufficient  pressurs  and/or  tenpsrature  had  been  wed  te 
for*  this  set  of  coaposltes* 

C*  Oereloplng  a  nethod  of  fomlng  conposltes  of  alunlnun  and  bare  iless  f 


Ites. 


1.  Wetting  studies. 

An  extensive  progrsn  to  evaluate  the  wetting  of  $0  different  glasses  hg 

various  alunlnun  allo/s  has  been  ocnpleted»  The  glasses  wen  selseted 

i 

te  be  representative  of  a  wide  range  of  kncnn  glass  ece^wltions.  All 
the  glasses  contained  8102>  Twentj-four  of  the  glasses  ijwrs  aNdifisatiSM 
of  the  standard  B  glass  and  twentjr-five  wens  of  wldolj  v^ant  swpwiUsn. 
The  wetting  of  all  the  glasaes  bp  28|  lli8}  pad  S%  tn,  1$  Gd^  balsws 
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aluaimui  aUq/s  wu  •r*lu«ted.  In  addition,  tho  wotting  of  I  floM  If 
568|  i.U%  Bi,  balanoo  aluninun}  9%  8n,  Ijf  Ag,  bolonoo  alaainoni  and 
2%  Sh,balanoa  aldniiaua  alloya  waa  avaluatad. 

Thaaa  taata  wart  conducted  by  forming  fibera  of  each  dipping 

three  or  four  fibera  of  each  glaaa  in  eaoh  natal  to  be  eralnatad,  and 
then  viaually  examining  the  dipped  fiber  under  a  mioroaoepe.  The  riaoal 
exaninationa  did  not  indicate  any  glaaaea  wlich  were  coated  appreciably 
better  than  B  glaaa. 

Although  the  riaual  examination  indicated  which  combinatiena  of  glaaaea 
and  metal  gave  good  eoatinga  little  waa  indicated  of  the  Interaotion  or 
bonding  of  the  metal  and  glaaa.  Hence,  aelective  aamplea  were  aoid  otahod 
in  3  normal  hydrochloric  acid  to  remove  the  natal  coating  allowing 
exaadnation  of  the  fiber  aurface.  Figurea  III,  IF,  V,  and  FI  iUoatrato 
the  reaulta  of  thia  atudy.  Figure  III  ahowa  a  bare  glaaa  fiber  whioh 
haa  been  etched  in  hydrochloric  acid.  Figure  IF  ahowa  a  ^aaa  fiber 
which  waa  dip  coated  with  the  Zn,  UC  Cd,  balance  aluadnum  alloy  and 
aubaequently  etched  in  hydrochloric  acid.  Figure  F  ahowa  a  glaaa  fiber 
which  waa  dip  coated  with  2S  aluminum  and  etched  and  Figure  FI  ahowo  a 
glaaa  fiber  wh5.ch  waa  dip  coated  with  li<8  aluminum  and  etohed.  The 
interaction  between  metal  and  glaaa  ia  much  more  evident  vith  the  lii8 
aluainnm  than  with  the  2S  aluminum  whioh  ia,  in  tom,  aomewhat  mare 
evident  than  the  interaotion  between  glaaa  and  the  Si,  XH  Od,  balaneo 
aluainum  alley.  It  ahould  be  mentioned  that  thaaa  figurea  iUuatrato 
■evere  oaaea  of  interaotion  and  are  not  typical  of  the  dep»ee  of  inter* 
aetion  whioh  takea  place  between  theae  alloya  and  B  glaaa«  Hawaver,  thia 


ralatlv*  ordar  of  intaraotion  is  still  arldant  with  I  glaaa  aal  etkar 
similar  glaasas  having  coatings  nhieh  ara  viaualljr  auparior  to  ttoa  oaaa 
atehad  awigr  in  thaaa  figuras. 

As  statad  praviousljr,  nona  of  tha  fiftj  glassas  vara  superior  to  I  glaM 
which  is  in  praaant  usa.  Howavar,  sona  ganaral  statasMnts  can  ba  nada 
baaad  cn  indications  from  this  studjr.  In  ganaral,  tha  prasanea  of  OKiiaa 
of  bariun,  sine,  load,  and  iron  (farrous)  in  tha  glassas  aaanad  to 
advarsaljr  affact  tha  ability  of  tha  glass  to  ba  natal  coatad.  Olaaaaa 
containing  6  to  litJ^  boratas  and  possibly  those  eentaining  2-lt^  flaorins 
had  laprovad  ability  to  ba  natal  coated.  A  high  total  content  af  tha 
caeidaa  of  aodiun,  potassiua,  and  lithium  in  a  glus  Inprovaa  its  abili^ 
to  ba  coatad  by  li4S  aluninum,  but  hams  its  ability  to  ba  coatad  by  M 
aluninnn  and  tha  Zn,  1J(  Od,  balance  altmiaan  alloy. 

Tha  results  of  this  study  indicate  that  tha  coaipcaitloa  af  tha  natal  ia, 
ingansral,  nora  inportsnt  than  tha  congposition  of  tha  ^ass  with  raspeat 
to  tha  extant  of  tha  glass-natal  interaction  and  tha  ability  of  tha  glass 
to  ba  natal  coatad. 

D.  Producticn  and  tasting  of  glass-rainforcad  aluminum  tuViular  abapas. 

It  has  bean  found  desirable  in  tha  bast  interest  of  this  projaet  to  sub¬ 
contract  to  tha  01in4la^iason  Chraloal  Corporation  work  on  ffebriaating  Ivia 
glass-rainforcad  altasinun  tubas.  Initially,  Olin^athiassn  will  naha  thaaa 
tubas  by  oantrifugally  easting  aluninum  around  prafarna  af  alnmlMm  aaatad 
and  bars  glass  fibars  si^pliad  by  our  laboratoay* 
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1*  OpTttlon  of  01in«M>thieBon  centrlfmfl  CMtlag  unitt 

Thla  unit  «u  put  into  oporation  in  Fobruary,  195t>  Initial  ahaka- 

down  runa  and  aodifieationa  war#  aada.  About  thirtf  bantrifugal  eaaiiiV 

«  ' 

ahota  vara  than  nada.  Sona  proaiaing  tubular  aaaplaa  of  glnaa-raiafaraai 
alui^nua  vara  foraad,  but  it  vaa  thought  that  aangr  liproTiaan^ta  ia 
teohnlqua  and  aquipaant  could  ba  aada.  Hanoa,  a  naw  eaating  aold  vaa 
daaignad  and  fabrioatad.  A  naw,  hlghar  apa^,  driva  was  Installad  and 
othar  aaehanieal  iaprovaaanta  wara  aada  to  tha  unit,  lha  aodifiod  wait 
hu  raeantly  baan  put  into  oparation.  Initial  runa  Indieata  that  tha 
additional  preaaura  on  tha  noltan  natal  during  easting  bgr  Tirtos  of  tha 
hlghar  eantrlfugal  opaad  will  aid  eonoidarabljr  in  pradueing  satisfaotarF 
tubular  ahapao.  Aa  yat  no  aaaplaa  hava  baan  taatad  far  Intarnal  barstliH 
atrangth. 

2.  Tubaa  1*  in  diaiaatar. 

Oltaa-ralnf oread  aluninua  tubaa  1"  in  diaaatar  have  baan  aada  by  a 
proTioualy  dascribad^^)  nodiflcation  of  tha  vacuoa  In^aotton  aothod. 

Thaaa  tubaa  hava  baan  taatad  in  intarnal  burating.  All  Wbos  hava  baan 
nada  uaing  atranda  of  aluainiia  eoatad  glaaa  fibnra  aa  ralnforeaaaat  and 
liiS  aluninun  aa  a  natrix  alloy.  Tha  tubaa  wara  boat  traatad  at  fid)*? 
for  3  houra,  quanohad  in  water,  and  agad  at  3liO*F  for  18  hours.  Thhla  TCX 
glTos  tha  tubular  bursting  atrangth  data  takan  during  this  rapartlag 
parlod. 


(1)  H.  B.  Miitahurat  and  M.  B.  Ailaa  •  Fifth  Quartarly  Prograas  Isport 
(Contract  MOrd  1578b) 
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TABLB  VIII 


OLASS-HSZBrOBCID  ALtMINUM  TUBB 

Ssaplo 

Bashar 

Tssting 

Teaperaturs.  *P. 

Internal  BursUng 
Pressure,  psi 

■quivalent  lia 
Stress,  psi 

B-Zm-lli9C 

R.T. 

5000* 

35,600 

12$B 

500 

350 

2,lt00 

125B 

1000 

750. 

5,300 

12SC 

1000 

1150 

6,500 

.  1U9B 

1000 

250 

1,900 

It  should  bs  noted  that  the  bursting  strsngtb  of  saisple  nuidber 
EK-2XII-125B  wss  unusually  low.  The  aTerage  of  pravlously  reported 
ralues  of  equiralent  ri«  stress  at  500*P  was  about  17»000  pel* 

I.  Developing  a  theory  on  the  interaction  of  ■stale  and  ilass  fibers. 

The  oosibinatlon  of  aoat  aetals  and  glass  fibers  results  in.  soae  degradatlMl 
in  the  strength  of  the  glass  fibers.  It  is  of  paraaount  laportanee  to 
understand  the  interaotion  which  takes  plaoe  between  the  aetal  and  the  glMo 
fibers.  Once  the  interaotion  is  aors  clearly  dfflnpd  ^t  will  in  all 
likelihood  be  possible  to  control  this  interaotion  and  prodneo  ooaposito 
aaterials  of  glass  and  aetals  having  the  aost  dfsirablf  propsrtieo* 

A  single  fiber  tensile  tester  has  been  asssablsd  froa  existing  eqaipasat 
and  is  shown  in  Figurs  VXZ.  .  This  tester  will  bo  used  to  asasuro  the  tdaoilo 
strengths  of  glass  fibers  which  have  been  eontaotod  with  astali  toving 
various  aslting  points  snd  chenioal  reaotivitioo.  Tho  tonsils  tootsr  haa 
boon  placed  in  operation  and  its  rslativo  aeouraQF  and;  rsUahility  haws 
boon  dotominsd. 

(1)  Tost  hsd  to  bs  ste^wd  short  of  failnro  for  tiw  of  daisagin  t satin 
oqiiipaont. 


Ptvloplng  a  glMi-iHiinforod  mfl  haring  utility  at  twaarttafS 
>bovt  iooo*r. 

Prallalnary  eonaldaratlOM  Indieat*  that  eoppar  alloys  Mgr  ba  ^o  MSt 

I 

aatiafaotory  Mtala  for  initial  axparlaants  on  doTsloping  a  glsaa-rtlafartsi 
■atal  havlnc  utility  at  taaparaturaa  abora  lOOO'P.  Zn  partioulari  eonsii* 
oration  will  ba  givon  to  rainforelng  tha  barylliiaa  eoppara,  tha  alualnsa 
bronaaoi  tha  nanganaaa  bronaaa,  tha  aiUoon  bronaaa,  and  70*30  braaa. 

Conaidarabla  work  haa  boon  dona  on  ohoaieally  ooating  I  glaoa  fibora  with 
eoppar.  Ihia  haa  boon  dona  by  dipping  fibars  in  t.>e  eoatiag  solatloa»  anl 
by  applying  tha  aolutlona  to  tha  fibars  as  tha  fibara  ara  baing  feraad* 
la  ganoral,  tha  coatings  which  hava  boon  obtainad  bf  this  aatbod  ara 
Ylsibla  on  only  a  snail  pareantaga  of  tha  fibora  liiieh  hava  baan  aapooad 
to  tha  ooating  solutions.  Zn  addition,  it  appaara  that  Ihia  nathad  Mill 
not  ba  aatiafaotory  sinoa  ona  of  tha  ooating  salutioaa  la  qulta  sMlabla 
aftar  inittal  oontaot  with  tha  glass  fibars. 


IV  FUTURE  WORK 


Work  will  eontinu*  on  dtvwloping  inproTwd  glMi>r«lnforo«d  alwiliMa  Mtwrlalk* 

Th«  optima  oonditiOM  will  bo  dotomlnod  for  forming  oonpooitoo  bgr  hot 
proaalng  aluainua  ooatad  glaaa  fibora.  Varioua  fibar  dinonaionB  and  oriomtatUt 
will  than  ba  invaatigatad  tiaing  tho  hot  proaalng  taohniqua.  Prollniaarjr 
axparinanta  will  ba  eonduotad  on  tha  oxtruaion  of  glaai-roinforood  alaainoa* 

Additional  raiulta  will  ba  awallabla  on  phjraieal  propartlaa  of  glaaa»raiBfarooi 
alualnua  eo»;;<«ita8.  Nodulua  of  olaatioltjr  in  ahaar^  eenprooaiva  atrangth# 
eraap  rata,  atraaa  ruptura  oharaotarlstioaf  and  fatigua  atrangtha  will  ho 
noaaurod  at  tanporaturoa  up  to  1000*F.  Tho  wator  ahaoiptloii  oapaeltjr  ami  Mt 
•trongth  of  glaaa 'rainf or oad  aluninua  will  ba  aoaaarad* 

01in«Mathiaaoo  will  produea  and  tost  largo  tubular  ahapoa  of  glaaa >raialhr«od 
aliainuB.  A  atatio  coating  unit  will  ba  built  to  oaat  othor  largo  ahapoa  af 
glaaa-rainforead  aluninua. 

Bfibrta  will  ba  diraotad  toward  davalopaant  of  a  thaorjr  asplalaing  tho 
fomation  and  baharior  of  ^aaa  and  natal  oonbiaationa.  Inraatigationa  of  Hia 
aluainun-glaaa  intaraotion  will  ba  aada. 

Work  will  ba  dona  on  tha  daralopaant  of  a  light  waight  atruatural  aatorUl  whiah 
will  hara  utilitj  at  tanparaturaa  aa  high  aa  1500*F.  Attanpto  to  fhm 
coapooitaa  of  glaaa  fibara  and  coppar  allo/a  will  bo  tha  initial  offarta  in 
thia  diraetion. 


BBA/jf 


Horbort  B*  Ailoa 
QlaawNatala  teaarah  Laboratorjr 
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100  200  300  400  500  OOO - 700 

TOTAL  TIME,  HOURS 

CREEP  OF  GLASS- REINFORCED  ALUMINUM 
FIOURC  I 


"<26* 


Bare  Glass  Fiber,  Acid  Etched 
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Figure  IV 

Glass  Fiber  with  5>  Zn,  Cd,  Balance 
Aluminum  Coating  Removed  by  Acid  Etch 
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